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This listing of claims will replace all prior versions, and listings, of claims in the 

application: 
Listing of Claims: 

1. (original) A method of obtaining a recombinant herbicide tolerance nucleic acid 
which can confer toJerance to an herbicide upon a plant in which the recombinant herbicide 
tolerance nucleic acid is present, the method comprising: 

(i) recombining a plurality of variant forms of one or more parental nucleic acid, 
wherein the plurality of variant forms comprises segments derived from the parental nucleic acid, 
wherein the parental nucleic acid encodes an herbicide tolerance activity, or can be shuffled to 
encode an herbicide tolerance activity, and wherein the plurality ofvariant forms differ from 
each other in at least one nucleotide, to produce a library of recombinant nucleic acids; 

(ii) screening the library to identify at least one recombinant herbicide tolerance 
nucleic acid, wherein the recombinant herbicide tolerance nucleic acid encodes an activity which 
confers herbicide tolerance to a cell. 

2. (original) The method of claim 1, wherein the recombinant herbicide tolerance 
nucleic acid encodes a distinct or improved herbicide lolerance activity compared to the parental 
nucleic acid. 

3. (original) The method of claim 1, wherein the one or more parental nucleic acid 
encodes an herbicide lolerance activity. 

4. (original) The method of claim I , wherein the parental nucleic acids do not encode 
herbicide tolerance activity, wherein recombining the plurality ofvariant forms provides a 
nucleic acid which encodes an herbicide tolerance activity. 

5. (original) The method of claim 1, wherein the parental nucleic acid encodes a 
polypeptide which is functionally or structurally similar to a herbicide Target protein. 

988624 vl -2- 



PAGE 3(15 » RCVD AT 412412006 3:03:41 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/20 1 DNIS:2738300 * CSID:21241 58701 < DURATION (mrns):0W0 



04/24/2006 15:04 FAX 2124158701 MORGAN & FINNEGAN @004/015 



PATENT Docket No. 2 1 19-4282 

Serial No. 10/627,449 

6. (original) The method of claim L wherein the plurality of variant forms of the 
parental nucleic acid comprise allelic or interspecific variants of the parental nucleic acid. 



7. (original) The method of claim 1 , wherein the plurality of variant forms of the 
parental nucleic acid is produced by synthesizing a plurality of nucleic acids homologous to the 
parental nucleic acid. 

8. (original) The method of claim 1, wherein the plurality of variant forms of the 
parental nucleic acid is produced by error-prone transcription of the parental nucleic acid or by 
replication of the parental nucleic acid in a mutator cell strain. 

9. (original) The method of claim 1, wherein the parental nucleic acid encodes a 
polypeptide or polypeptide fragment selected from the group consisting of: a P450 
monooxygenase polypeptide, a glutathione sulfur transferase polypeptide, a homoglutathionc 
sulfur transferase polypeptide, a glyphosate oxidase polypeptide, a phosphinotliricin acetyl 
transferase polypeptide., a diclilorophcnoxyacetatc monooxygenase polypeptide, an acetolactate 
synthase polypeptide, a protoporphyrinogen oxidase polypeptide, a 5-enolpyruvylshikimate-3- 
phosphate synthase polypeptide, and a UDP-N-acctylglucosamine enolpymvyltransferasc 
polypeptide. 

10. (original) The method of claim 9, wherein the parental nucleic acid is selected from 
the group consisting of: a P450 monooxygenase gene from corn or wheat, a glutathione sulfur 
transferase gene from corn, a homogluxathione sulfur transferase gene from soybean, a 
glyphosate oxidase gene from a bacteria, a phosphinothricin acetyl transferase gene from a 
bacteria, a dichlorophenoxyacetate monooxygenase gene from a bacteria, an acetolactatc 
synthase gene from a plant, a protoporphyrinogen oxidase gene from a plant, a 
protoporphyrinogen oxidase gene from an alga, an enolpyruvylshikimatc-3-phosphate synthase 
gene from a bacteria, a euolpyRivylshilcimate-3-phosphate synthase gene from a plant, and a 
UDP-N-acctyl glucosamine enolpyruvyltransferase gene from a bacteria. 
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1 1 . (original) The method of claim 5, wherein the parental nucleic acid encodes a UDP- 
N-aceLylglucosamine enolpyruvyltransferase, and wherein the herbicide is glyphosate. - 

12. (original) The method of claim 1 , wherein the library comprises a recombinant 
nucleic acid produced by recombining a plurality of variant forms of a parental nucleic acid 
selected from the group consisting of: 

a P450 monooxygenase nucleic acid, ahomoglulathionc sulfur transferase nucleic acid, a 
glutathione sulfur transferase nucleic acid, a glyphosate oxidase nucleic acid, a phosphiuothricin 
acetyl transferase nucleic acid, a dichlorophenoxyacetate monooxygenase nucleic acid, a 
acetolactate synthase nucleic acid, a enolpyruvylshikimate-3-phosphate synthase nucleic acid, 
and a UDP-N-acetyl glucosamine enolpyruvyltransferase nucleic acid. 

13. (original) The method of claim 1, wherein the screening comprises a step selected 
from the group consisting of: 

(a) screening for oxidation of the herbicide; 

(b) screening for glutathione conjugation to the herbicide or to a metabolite of the 
herbicide; 

(e) screening for homoglutathione conjugation to the herbicide or to a metabolite of the 
herbicide. 

14. (original) The method of claim 1, wherein the library of recombinant nucleic acids is 
present in a population of cells. 

15. (original) The method of claim 14, wherein the screening comprises growing the 
population of cells in or on a medium comprising the herbicide and detecting a physical 
difference between the herbicide and a modified form of the herbicide produced by the cells. 

16. (original) The method of claim 15, wherein the physical difference between the 
herbicide and the modified form of the herbicide is detected by a difference in fluorescence or 
absorbance between the herbicide and the modified form of the herbicide. 
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17. (original) The method of claim 16, wherein the herbicide is dicamba, the 
recombinant herbicide tolerance nucleic acid encodes a dicamba oxidation activity, and the cells 
are screened for dicamba oxidation by fluorescence of an oxidized form of dicamba. 

1 8. (original) The method of claim 14, wherein the screening comprises growing the 
population of cells in or on a medium comprising the herbicide and selecting for enhanced 
growth of the cells in the presence of the herbicide. 

19. (original) The method of claim 18. wherein enhanced growth of the cells requires 
the activity encoded by the recombinant herbicide Lolerancc nucleic acid. 

20. (original) The method of claim 19, wherein enhanced growth of the cells requires 
the product of the reaction of the herbicide by Lhe activity encoded by the recombinant herbicide 
tolerance nucleic acid. 

21 . (original) The method of claim 20, wherein the cell is an Mpu + strain of bacteria, the 
herbicide is glyphosale, and the recombinant herbicide tolerance nucleic acid encodes an activity 
that catalyses the conversion of glyphosatc lo aminomcthylphosphoiiate. 

22. (original) The method of claim 19, wherein the cells are an AroA* strain of bacteria, 
the herbicide is glyphosatc, and the recombinant herbicide tolerance nucleic acid encodes an 
activity which catalyses the conversion of phosphoenolpymvatc plus shikimate 3-phosphate to 
5-enolpyruvylshikimale-3-phosphatc, 

23. (original) The method of claim 1 , the method further comprising screening the 
library for one or more additional activity that confers tolerance to one or more additional 
herbicide. 

24. (original) The method of claim 1, wherein the step of recombining is performed in a 
plurality of cells. 
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25. (original) The method of claim 24, further comprising: 

(a) recombining DNA from the plurality of cells that encode herbicide tolerance 
activity with a second library of DNA fragments, at least one of which undergoes recombination 
with a segment in a nucleic acid present in the cells to produce rccumbined cells, or recombining 
DNA between the plurality of cells thai encode herbicide tolerance activity to produce modified 
cells. 



26. (original) The method of claim 25, further comprising: 

V 

(b) rccombininy and screening the recombincd or modified cells to produce 
further recombincd cells that have evolved additionally distinct or improved herbicide tolerance 
activity. 

27. (original) The method of claim 26, further comprising: 

repeating (a) or (b) until the further recomhined cells have acquired additionally 
distinct or improved herbicide tolerance activity. 

28. (original) The method of claim 1 , wherein the method further comprises: 

(iii) recombining at least one recombinant herbicide tolerance nucleic acid with a 
further nucleic acid, wherein the further nucleic acid is the same or different from one or more of 
the plurality of the variant forms of (i), to produce a further library of recombinant nucleic acids; 

(iv) screening the Further library to identify at least one further recombinant 
herbicide tolerance nucleic acid that encodes a further improved herbicide tolerance activity 
compared to a non-recombinant herbicide tolerance gene; and, optionally, 

repeating (iii) and (iv). 

29. (original) The method of claim 28, wherein the further recombinant herbicide 
tolerance nucleic acid encodes two or more distinct or improved herbicide tolerance activities. 
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30. (original) The method of claim 1, wherein the library is present in bacterial cells and 
ihe method comprises: 

pooling multiple separate library members; 

screening the resulting pooled library members for a recombinant herbicide 
tolerance nucleic acid that encodes a distinct or improved herbicide tolerance activity compared 
to a non-rccombinant herbicide tolerance nucleic acid; and, 

cloning ihe distinct or improved recombinant herbicide tolerance nucleic acid. 

31. (original) The method of claim 2, wherein the distinct or improved herbicide 
tolerance activity is selected from the group consisting of: an increase in ability to metabolize the 
herbicide; an increase in the range of herbicides to which the activity confers tolerance; an 
increase in expression level compared to that of a polypeptide encoded by ihe parental nucleic 
acid; a decrease in susceptibility to inhibition by the herbicide compared to that of an activity 
encoded by the parental nucleic acid; a decrease in susceptibility to protease cleavage compared 
to that of a polypeptide encoded by the parental nucleic acid; a decrease in susceptibility to high 
or low pH levels compared to thai of a polypeptide encoded by the parental nucleic acid; a 
decrease in susceptibility to high or low temperatures compared to that of a polypeptide encoded 
by the parental nucleic acid; a decrease in toxicity to a host plant compared to that of a 
polypeptide encoded by the selected nucleic acid; and any combination of two or more thereof 

32. (original) The method of claim 1, further comprising transducing the recombinant 
herbicide tolerance nucleic acid into a plant. 

33. (original) The method of claim L further comprising transducing the recombinant 
herbicide tolerance nucleic acid into a plant and testing the resulting Transduced plant for 
tolerance to the herbicide. 

34. (original) The method of claim 1 , further comprising transducing the recombinant 
herbicide tolerance nucleic acid into a plant and breeding ihe plant with a separate plant strain of 
the same species, followed by selection of resulting offspring for tolerance to the herbicide. 
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35. (original) A library of recombinant nucleic acids made by the method of claim 1, 

36. (original) The library of claim 35, wherein the library is a phage display library. 

37. (original) A recombinant herbicide tolerance nucleic acid made by the method of 
claim 1 . 

38. (original) A DNA shuffling mixture comprising ai least three homologous DNAs, 
wherein each of the at least three homologous DNAs is derived from a parental nucleic acid 
encoding a polypeptide or polypeptide fragment selected from the group consisting of: a P450 
monooxygenase, a glutathione sulftirtransfcra.se, a homoglulathione sulfur transferase, a 
glyphosate oxidase, a phosphinothricin acetyl transferase, a dichlorophcnoxyacetate 
monooxygenase, an acetolactatc synthase, a protoporphyrinogen oxidase, a 5- 
cnolpyruvylshikimate-3-phosphaie synthase, and a UDP-N-acetyl glucosamine 
enolpyruvyltran sferase . 

39. (original) The DNA shuffling mixture of claim 38, wherein the at least three 
homologous DNAs are present in cell culture, in vi/ro* or in a plant. 

40. (original) The DNA shuffling mixture of claim 38, wherein the homologous DNAs 
are derived from a parental nucleic acid encoding a P450 monooxygenase from corn or wheat. 

41 . (original) The DNA shuffling mixture of claim 38, wherein at least one of the 
homologous DNAs is derived from a parental nucleic acid encoding a glutathione sulfur 
transferase from maize. 

42. (original) The DNA shuffling mixture of claim 38, wherein at least one of the 
homologous DNAs is derived from a parental nucleic acid encoding a homoglutathionc sulfur 
transferase from soybean. 
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43. (original) The DNA shuffling mixture of claim 38, wherein al least one of the 
homologous DNAs is derived from a parental nucleic acid encoding a glyphosate oxidase from a 
bacteria. 

44. (original) The DNA shuffling mixture of claim 38, wherein at least one of the 
homologous DNAs is derived from a parental nucleic acid encoding a phosphinothricin acetyl 
transferase from a bacteria. 

45. (original) The DNA shuffling mixture of claim 38, wherein al least one of the 
homologous DNAs is derived from a parental nucleic acid encoding a diclilorophenoxyacetatc 
monooxygenase from a bacteria. 

46. (original) The DNA .shuffling mixture of claim 38, wherein at least one of the 
homologous DNAs is derived from a parental nucleic acid encoding an acetolactate synthase 
from a plant. 

47. (original) The DNA shuffling mixture of claim 38, wherein at least one of the 
homologous DNAs is derived from a parental nucleic acid encoding a 5-enolpyruvylshikimate-3- 
phosphate synthase from a bacteria. 

48. (original) The DNA shuffling mixture of claim 38, wherein at least one of the 
homologous DNAs is derived from a parental nucleic acid encoding a 5-enolpyruvylshikimate-3- 
phosphate synthase from a plant. 

49. (original) The DNA shuffling mixture of claim 3S, wherein at least one of the 
homologous DNAs is derived from a parental nucleic acid encoding a UDP-N- 
acetylglucosaminc cnolpyruvyitransfcrase from a bacteria. 
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50. (original) The DNA shuffling mixture of claim 38, wherein at least one of the 
homologous DNAs is derived from a parental nucleic acid encoding a protoporphyrinogen 
oxidase from a plant or an alga. 

51. (original) A method of acquiring or improving an herbicide tolerance activity in a 
parental plant cell, comprising performing whole genome shuffling of a plurality of genomic 
nucleic acids in the plant ccIL forming a modified plant cell, and screening the modified plant 
cell for a distinct or improved tolerance activity to one or more herbicide compared to the 
parental plant cell- 

52. (original) The method of claim 5L wherein the herbicide is selected from the group 
consisting of: dicamba. glyphosatc, bisphosphonate, sulfcntrazone, imidazolinone, sulfonylurea,, 
triazolopyrimidinc, phenoxyacetic acid, diphenyl ether, chloroacetamide, and hydantocidin. 

53. (original) The method of claim 51, wherein the genomic nucleic acids are from a 
species or strain different from the parental plant cell. 

54. (original) The method of claim 51, further comprising: regenerating the modified 
plant cell, or a descendent cell thereof, into a plant. 

55. (original) A method of predicting long-term efficacy of a herbicide in killing a plant, 
the method comprising: 

(i.) transforming a plurality of cells of the plant wilh a library of DNA fragments 
at least some of which undergo recombination with segments in the genome of the cells to 
produce modified plant cells; 

(ii.) propagating the modified plant cells in a media containing the herbicide, and 
recovering surviving plant cells; 

(iii.) rccombining DNA from surviving plant cells with a further library of DNA 
fragments at least some of which undergo recombination with cognate segments in the DNA 
from the surviving plant cells to produce furlher modified plant cells; 
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(iv.) propagating further modified plant cells, in media containing ihe herbicide, 
and collecting further surviving plant cells; 

(v.) repeating (iii.) and (iv.), as necessary, until a further surviving plant cell has 
acquired a desired degree of resistance to (he herbicide, whereby the degree of resistance 
acquired and the number of repetitions of (iii.) and (iv,) needed to acquire it provide a measure of 
the long-term efficacy of the herbicide in killing the plant. 

56. (original) The method of claim 55, wherein the plant is a weed plant. 

57. (original) The method of claim 56, wherein the plant is selected from the group 
consisting of Abutilon threophrastU Chvnopodium spp., Amaranthux spp., Jpomoca xpp., Setaria 
spp., Echinochloa spp., Solatium spp. Sorghum haiopeme, Di^Uarkt spp, Pcmicum spp t 
Bromus tectorum, and Kochia scoparia. 

58. (original) The method of claim 55, further comprising repeatedly recombining DNA 
from the modified plant cells, wherein the repeated recombination is performed prior lo 
propagating the modified plant cells in a media containing the herbicide. 

59. (original) The melhod of claim 55, further comprising dividing surviving plant cells 
into first and second pools, isolating the further library of DNA from the first pool and 
transforming the second pool with the further library. 

60. (original) The method of claim 55, wherein the further library of DNA is obtained 
from a species or strain different from the plant cell. 
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